Introduction
In south of Caspian Sea most of fishes are migratory species that spawn in the freshwater for spawning. One of the major aim of IFO is produce fingerling to release in south of the Caspian Sea. IFO produce and release of five species of sturgeon, include Acipenser persicus (Persian sturgeon), Acipenser gueldenstadti (Russian sturgeon), Acipenser nudiventris (ship sturgeon), Acipenser stellatus (sevruga), and Huso huso (beluga). The bony fish include Mahisefid (Rutilus frisii kutum), Carp (Cuprinus carpio), Bream (Abramis brama), Pike-perch (Sander lucioperca), Roach (Rutilus rutilus) and Salmon (Salmo trutta caspius) (Abdolhay1997; Abdolhay and Baradaran 2006) . Total fingerling production was 15 millions in 1978 and increased to more than 254 millions in 2008. According to Table 1 , 86% of total fingerling production was bony fish and left is sturgeon. In bony fish, 89% of total fingerling production was Mahisfid.
Stock enhancement is an option for fisheries management (Molony et al. 2003; Mustafa 2003) . The term stock enhancement is generally used for artificial propagation to augment natural production by releasing cultured juveniles. The idea refers to the terms of supplementation used for salmon hatcheryrelease programmes (Waples and Drake 2004) and supportive breeding in conservation biology (Ryman and Laikre 1991) . Stock enhancement, sea ranching and restocking emphasize on the intra and intergeneration effects for augmentation of fishery production or biomass. A recent review on salmon hatchery programmes concluded that artificial fish propagation plays an important role in recovery and supplementation of the wild stocks (Brannon et al. 2004) .
Hatchery programmes involving the mass release of cultured fish have been implemented worldwide to promote wild populations and to increase harvests (Bell et al. 2006; Dong et al. 2009 ). For example, Hokkaido Island is one of the most active regions for Pacific salmon hatchery programmes, with 1.2 billion (10 9 ) juveniles are released annually along the 3,000 km coastline (Kitada and Kishino 2006) . During the last quarter of the twentieth century, coastal catches of chum and pink salmons have increased dramatically. In addition to the development of hatchery technologies, several possible hypotheses may explain these catch trends, which include climate changes, closing of high-seas fisheries, and rehabilitation of water quality, habitat loss caused by damming and channeling, and the increase of pressure from recreational fisheries. With all other factors been accounted for, it is still difficult to evaluate whether all hatchery programmes have actually increased the net populations .
FAO estimated that approximately 180 fish species were released in 64 countries (Abraham et al. 2004 ). Several countries have documented their stocking programmes in the scientific literatures but didn't give the report to FAO. Later, Cowx (2005) reported that approximately 180 fish species were released in 70 countries. Japan is the world leader in marine fish stocking, although many of the stocking programmes are at experimental or pilot scale. Many believe that stocking will increasingly become an important fishery management tool in the future. However, the practice must be evaluated and monitored accurately (Abraham et al. 2004) . More than ten different marine and coastal fish species are stocked in the United States, Republic of Korea, Australia, Japan, Spain and Poland, but the numbers are lower in some other countries. For example, in Japan over 80 species were reared for stock enhancement (Masuda and Tsukamoto 1998) and various species were stocked in Canada despite the absence of hatchery production data (Abraham et al. 2004 ). Iran also is one of countries that produce fingerlings of fish and shrimp to be released into the natural waters (Abdolhay 1997; Abdolhay and Baradaran 2006) . The objective of study was asses of stock enhancement in the south of Caspian Sea for Mahisefid and how they work and how should be work.
Materials and methods

Broodstock selection and management
Natural spawning of Mahisefid is carried out when the temperature is at the optimum level that ranging from 10 to16°C when the fish are in their 4th stage of maturity. At this stage they start to migrate to upstream of the rivers (Razavi Sayad 1995) . This operation is a normal procedure that follows the natural habit of Rutilus frisii kutum. The time of Mahisefid migration in the Caspian Sea river basins starts from 20th of February and lasts until 20th of May each year (Azari Takami 1991). Males usually start to migrate first although one female with some males can also be seen. Fish will always choose places where temperature, turbidity, current flow, oxygen and pH are at the optimum levels. The females normally choose shallow depth waters for spawning. The winter migratory fishes, known as phytophilic, usually spawn on flexible stems of plants. In contrast, the spring migratory fishes use rocky and hard sediments and they are known as lithophilic (Valipour 2009 ). Female fish usually rub its belly to rocky sediment to help pressing out its eggs from ovary. At the same time, in the same manner, male fish release its sperms at the same place for fertilization to occur.
Spawning induction
Propagations of Mahisefid of the Caspian Sea carried out using two different methods: semi-artificial and artificial propagations.
Semi-artificial propagation of Mahisefid
The semi-artificial propagation is carried out along the river sides and usually during the migration season in mid February. Initially, a team of experts from hatcheries will study natural parameters, including water temperature of rivers and the migratory fish stock. Normally, the eastern Gilan Province Rivers have higher water temperatures than the western rivers and therefore the propagation activities starts earlier in the eastern rivers. After deploying barriers known as ''Shil'' or wooden barriers in those rivers that do not have natural barriers, the female broodstocks stocked and become ready for spawning. For rivers like Shir Rud that has natural barriers, the ''Shil'' barriers didn't installed and the broodstocks can catch by cast net. After biometry of fishes and confirmation of broodstocks being sexually mature (the stomachs are smooth and eggs are easily extracted) the procedure of propagation starts. First, the body of fish dried with smooth cloth, then using both hands in which one hand under the head of fish and the other under the genital part; the abdomen is gently pressed to release the eggs into a pot. Normally, sound and perfect eggs are orange in color but eggs with opaque appearance or green are not healthy and thus they are discarded.. After eggs stripped into a pan, immediately male fish is dried with smooth cloth. Similarly, using the two hands, the sperms of the male fish extracted over the eggs. Then the pan is leaned to its side and with a light shaking the sperm and eggs is mixed. Gradually, some water added so that the water changed every two to three minutes to prevent the adherence among eggs. Then the pan left aside for 2 h until fertilized egg are hardened. Then, the eggs transferred to hatchery. Table 2 show the descriptive of caught and reproduced brood stock of male and female for each river and data was collect from 1992 to 2007. The total broodstock was for male 730,477 and for male 303,224. The total catch of broodstock of male was 472,412 and for male were 189,479. The total brood stock for reproduced was 258,065 for male and 113,745 for female which indicated the number of males is more than female and some of them when migrated to river is not ready for spawning. This table showed the huge number of brood stock but the effective population size did not calculate. Amiri et al. (2008) studied of water salinity on growth and survival of kutum, according to the results, it is suggested that the optimal salinity for fingerlings with mean weight 1 g is 8 ppt and 10 ppt. Bahmani et al. (2007) studied water osmolarity effect on spermatocrit and spermatozoan in male broodstock and their results showed that there is a positive relationship between motile spermatozoan Rev Fish Biol Fisheries (2011) 21:247-257 249 percentage and duration of motility. With the decrease in river water osmolarity from estuaries up to the river upstream, the motile spermatozoan. percentage and their duration increased. According to anadromous behavior of the fish, with increasing distance from artificial breeding sites toward river upstream, quantity of spermatozoa and spermatozoan activity increased enhancing success in fertilization attempts (Bahmani et al. 2007 ).
Artificial propagation of Mahisefid
This method of propagation is completely artificial by using pituitary hormone injection. Broodstocks are transferred from river to hatcheries and during the hormonal injection they are anesthetized by daffodils powder instead of MS222 which is more expensive. The amount of the anesthesia is 1.5 g in 10 l of water. The amount of hormonal injection for each fish is 0.3-0.5 mg per kg of fish weight in 1 ml of 0.1% sodium chloride. There are two injections for a female and one injection for a male. After this, the steps are similar to the semi-artificial propagation (Toloee and Sobhani 2004) . In the first injection, 10% of the dosage is used and in the second one, 8-12 h later, 90% of the remaining dosage is injected. The injection of the male breeder is given simultaneously with the 2nd injection of the female breeder and the dose for male is half of the hormone used for female (Toloee and Sobhani 2004) . In recent years, GnRH analog combined with metoclopremide is used (Dorafshan and Heyrati 2006) to improve the artificial propagation of Mahisefid. (Heyrati et al. 2007 ) also used GnRH and domperidone for reproduction of Mahisefid. Nikou et al. (2007) studied physiological changes in cortisol, glucose, testosterone and 17 b-estradiol levels in Rutilus frisii kutum broodstock during transportation to reduce stress. Aminian et al. (2008) studied of sex maturity stage with biological index. The sexual maturity rate, as specified by the six stages analysis indicated the position of female in the stages: IV & V during March, April & June. 32% of female fish were in stage V & %68 in stage IV in March whereas the percentages of female fish in April was %87 in the stage V followed by %94 in the stage V during June.
Fecundity
The absolute fecundity in this species ranges from 19,718 to 147,696 eggs with a mean value of 74,774 eggs. The mean value for number of eggs per gram eggs is 272 eggs (Valipour 2009) .A large female, Abdurakhmanov (1960) reported that the fecundity of fish in Azerbaijan Republic was 290,000 eggs per female. The fecundity of Mahisefid in the middle and southern part of the Caspian Sea is shown in Fig. 1 . The maximum egg diameter is 2.0 mm as reported by (Farid-Pak 1968) .
Since there are two spawning migrations, winter and spring, two forms or stocks of this species are expected in the south of Caspian Sea (Azari Takami et al. 1990; Razavi Sayad 1993) .
Egg and larval developments
Eggs are adhesive and hatch in 20 days after fertilization at 10-14°C. Embryonic developmental stages in glass incubators at 14-16°C followed the description by (Parivar et al. 1993 ). Cleavage and gastrulation begin within 24-30 h, hatching within 216 h (10 days after fertilization) and absorption of yolk sac completed at day 16. Embryonic development takes 10-15 days at 8-16°C and 5-6 days at 20°C (Razavi Sayad 1995; Valipour 2009 ).
Incubation
Incubation of eggs in semi-artificial propagation at the side of river After completely washing the adhesive eggs, the fertilized be kept for 1 h to be harded and the eggs were transferred to incubators known as the Sethgreen Incubators. This kind of incubator is designed in such a way that it can be installed by using ropes inside the river. The number of incubators inside the river can be increased to ten (Razavi Sayad 1995) . The dimensions of these incubators are 45-48 cm (length), 30-35 (width) and 27-28 cm (height). At the bottom of these incubators, 1 mm of mesh size nets are used to keep the eggs. In order to keep the larvae, the mesh size must be 0.5 mm (Azari Takami 1991; Razavi Sayad 1995; Abdolhay 1997) . Each box has two rings in which the front ring is joined by a rope to the other incubator. Therefore, mechanical forces of water keep the eggs moving. After the saturation of eggs with water, these eggs are transferred to hatcheries for the next step (Abdolhay 1997) .
Larval rearing in ponds
In the first week of growth, the larvae feed on phytoplankton like Diatoma, Fragilaria, Microspore and zooplanktons (Daphnia, diatoms, and Cyclops). In the next stage of growth, they feed on insects' larvae or benthic animals like chironomids, nematodes and other mollusks or crustaceans. In the pond, fry were fed by artificial foods. In each pond 1-2 tons animal manure consisting of 100 kg of phosphates and 100 kg nitrates are used. After 75 days, the weight of fingerlings reaches 1-2 g and 5 cm long. During this time the fish are fed by artificial foods (Razavi Sayad 1995). Falahi et al. (2004) studied role of rotifer increasing survival rate of larvae compare with concentrated food. Seyfabadi et al. (2002) investigated of L-carnitine in fry of Mahisefid, although no significant difference on growth data at various concentrations of L-carnitine was found, the fry fed with 800 mg L-carnitine per kilogram of dry feed showed a relatively better performance. Also, no significant difference was found in the levels of body protein and fat at various concentrations of L-carnitine. Neverian et al. (2005) three protein levels of 25, 30 and 35% with isocaloric digestible energy of 3,400 kcal/kg diet were formulated. Fish carcass composition were significant and improved only at level of 35% which indicating that body protein/ increasing while fat decreasing and showed flesh quality improving. Neverian et al. (2005) investigate dietary digestible energy level on growth indices and result showed body crude protein and fat significant were increased when the dietary energy was raised up from 2,500 to 2,600 kcal DE kg -1 diet, but a further increase on energy did not improve the fish crude protein and fat content. Haghighi et al. (2009) investigated of dietary lipid level of kutum fry and fish growth, survival, protein and energy retention showed a marked decrease with an increase of dietary lipid level. Crude lipid of carcass composition increased, but ash and moisture decreased with an increase of lipid levels (Haghighi et al. 2009 ). Chobkar et al. (2005) investigated of application trichlorforn toxin in pond before stocking of fry. Statistical difference was significant for growth, as when the fish larvae were introduced into ponds after 72 h after spraying, best growth was observed.
Weight and age at release
Two main factors that influence the size selection for stocking materials are cost and survival. Although there is a risk of high mortality for stocking of fish at a very small size, but the exponentially increased cost of the stocking material with the increase of size, especially in slow growing species, the stocking at the early life stages is favorable. The actual size chosen usually depends on the balance between these two factors, as well as the life history of the fish (Welcomme and Bartley 1997) .
Release strategies
Three mechanisms for releasing fish are used:
1. Spot planting: Releasing all the fish fingerlings into the receiving waters at the same time. 2. Scatter planting: Releasing the fish fingerlings at several sites in the same region. 3. Trickle planting: Releasing fish fingerlings in the same region over a period of time (Cowx 1994) .
Spot planting can lead to competition among stocked fish fingerling or with natural stocks. In rivers, it is often associated with considerable downstream displacement to reduce population interactions. Scatter planting gives a wider dispersal at the outset and minimises competitive pressures. Trickle planting, similarly, removes competition but is often constrained by lacking of labour, finance and available stocks. Some evidences suggest that scatter and trickle plantings are more successful than the spot planting but the latter is generally carried out because it is easier to handle (Cowx 1994) .
Since the Mahisefid hatchery, centres in Iran are located far from the rivers, 1 g (approximately 5 cm) fingerlings collected by net at the corner of ponds. They are then counted in a special container and the average weight of fingerlings was determined. Then, they were brought to riverbank by trucks equipped with oxygen tanks, before they are released into the rivers. The fingerlings are usually released in rivers with heavy water flows, such as Sefid Rud River, Tajan River and Gorgan River. Careful monitoring is continuously carried out throughout Iran in terms of timing, location and the weight of fingerlings to be released. Then the juvenile fish are done by fisheries research officers. Meanwhile, the fisheries research centres carry out a number of studies on the migration of Mahisefid. Farabi et al. (2007) The highest frequency of weight related to weight class of 1-1.5 g. This value was equal to 68.1% totally, 81% (62,905,247 numbers) of total fry released has suitable weight for releasing (Farabi et al. 2007) .
Results
Monitoring and evaluation programmes
Enhancement goals
The enhancement target of finfish in Iran is 450 million of fingerlings that include of sturgeon, Mahisefid, bream, Pikeperch, and so on. The target for capture fisheries are 30,000 metric tons per year. The approved plan for the production of Mahisefid fingerlings by the end of the fifth national plan is 200 million (Table 3 ). In the third national plan fingerlings were also produced by private sectors. These fry were given by the Iranian Fisheries and bought back 1 g fingerlings from them. The same plan is implemented in the fourth national plan. The government tries to get the involvement of registered fishermen in these particular activities.
Success and contributions of hatchery to fishery
In the past, the maximum annual catch of this fish was in 1940 was with 5,854.4 tons. In accordance to the government policy at that time, the catches delivered to Shilat (Iranian Fisheries Organization). In the 1960s, with restriction on catch in lagoons and rivers and starting of artificial propagation, the fish resources were increased. In the 1970s, the average annual catch was 4,000-5,000 tons. Unfortunately, with the increase over-fishing of this fish in 1981, the catch dropped to a minimum and the annual catch was only about one thousand tons. After 1982, the productions of millions of fingerling were achieved by artificial propagation, whereby the number of the release reached to more than 200 million pieces of fingerling per year. Three hatcheries namely Shahid Ansari in Gilan Province, Shahid Rajaee in Mazandaran Province and Sijoval in Golestan Province in south of Caspian Sea have released fingerlings (Abdolhay 1997) . As a result of these restocking programmes Caspian Sea, Increase of catch were followed year by year. For example, from 1990 to 2007, the annual catch of Mahisefid has increased substantially from 6,500 metric ton in 1990 to 17,196 metric ton in 2007 (Fig. 2) . Stock assessment carried out every year to monitoring of stock situation (Abdolmaleki and Ghaninezhad 2007) .
The age distribution of this fish in the years 1988-1998 compared to the years 1972-1982 varied significantly. In 1972, only 1.7% of the catch consisted of 1-2 year old fish while in 1994, the catch of 1-2 year old fish was 21% but in 1997, it reduced to 12.8%, and further decreased to 5.5% in 1998. These phenomena were due to over-fishing. In recent years, some 30% of the catch is from immature specimens ( Table 4) .
The ranges and averages of weight, length and age of Mahisefid in the south of Caspian Sea were studied in years 1991-1998 to 2007 (Table 5 ). The results of the study showed that during the same years, there has been a sensible change in biometric factors. The main reason for these changes was the violation of the mesh size regulation and standards for beach seines nets. Over these years, age of fish ranged from 3 to 4 years, the weight ranged from 801.8 to 900 g. The total lengths ranged from 37.5 to 40 cm. Length and weight variations were eminent over these years, with the minimum weights varying from 190 to 100 g, the maximum weights from 2,600 to 3,500 g, the minimum total lengths from 13 to 20 cm, and the maximum total lengths from 60 to 70 cm (Table 6 ).
Discussion
Although Iran Fisheries Organization (Shilat hatchery) has successfully done the restocking of Mahisefid, but there is still a need to increase the level of artificial propagation, rehabilitation of natural spawning grounds, and improving fishing methods by standardizing the fishing techniques. Otherwise, in coming years, we will witness the reduction of Mahisefid resources once again. More than 25% of the catch was young fish indicating of non-standard methods being used, whereby year class in the catch 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 (Abdolmaleki 2006 ). Releasing of fingerlings has increased the landings from capture fisheries as well as the number of fishermen and cooperatives in the south of Caspian Sea. Although Molony et al. (2003) identified 13 reasons for lack of success in stock enhancement but in Mahisefid stocking program showed good result in fish landing. Income of fishermen per month has increased from 5,500,000 Rials in 1995 to 8,000,000 Rials in 2006 with the increase of fish price in recent years. Although the released fingerlings of Mahisefid had reduced in size and weight but the income of fishermen has increased.
Stocking should be integrated with the long term fisheries management plan and used, where feasible, with the recovery plans towards restocking of severely depleted stocks (e.g. Baltic cod) or to conserve certain stocks (e.g. the European eel). Restocking may contribute to speed up recovery. Careful consideration should be given to genetic issues in order to maintain the genetic biodiversity, prevent genetic contamination and avoid genetic drift (Stottrup and Sparrevohn 2007) . In order to use these programmes more effectively, it is necessary to evaluate both river-and species-specific benefits and compare the hatchery programmes with other management tools, such as controlled fishing and habitat rehabilitation. Future hatchery programmes should incorporate active and adaptive learning approaches to minimize the risks associated with artificial propagation and to promote sustainable Mahisefid stocks. Tagging system can help to confirm of study (Fadaee et al. 2006) . They should avoid to produce hybrid of Mahisefid with other species that had done before by Zamini et al. (2006) and if done haven't to release in the wild (Bartley et al. 2001) .
Comparing the growth rate in different age groups of Mahisefid, the weight of fish has been decreased during 1989-2008, which was resulted from artificial spawning (Razavi Sayad 1995; Abdolmaleki 2006) .
Another problem is that the restocking programme only takes spring-run (Valipour 2009 ) stock because the fall-run stock may no longer exist. Furthermore, the stocks from various rivers are mixed and may result in introgression of gene, the loss of adaptations to specific rivers in terms of migration patterns, spawning time, behavior and other factors: (Bartley and Rana 1998; Bartley et al. 2006) .
It is also necessary to study genetic population structure of fish to conserve genetic diversity and provide base line data to be used for fishery management. It is necessary to study the socioeconomics of 11,000 fishermen and other people involved in this activity, such as fish and net dealers and salers in the southern part of Caspian Sea.
Stock enhancement often requires technical interventions in the rearing process of aquatic organisms that may substantially change the interaction between organisms with pathogens. Aquatic animal health risk analysis in stock enhancement programmes undertakes some considerations, such as the source of animals to be released, the populations to be managed, hazard identification, risk assessment, risk management, quarantine, diagnostic and treatment procedures, mitigation measures, monitoring, reporting the disease outbreaks in hatcheries and wild populations, and the establishment of aquatic animal health standards .
The strategies taken for the release of marine organisms must be taken into account including size at the time of release and the season at release (Liao et al. 2003; Stottrup and Sparrevohn 2007) . Time of release is especially important in the temperate areas where the temperature, nutrients, water flow, and current patterns vary seasonally.
The source of broodstocks is vitally important in any enhancement program. The broodstocks of Mahisefid are caught from the wild and the fingerlings are not kept for broodstocks. Since these fish represent the wild genotype, low genetic risk to the wild population is expected. The effectiveness of the enhancement program both for natural and hatchery populations can be evaluated. However, the monitoring of the effectiveness of hatchery program was often neglected. Typically, hatchery populations were evaluated by the number of fish released with little or no attempt to determine the contribution to of fishery and fishery resources at large. Franklin (1980) and Soule (Soule 1980) estimated that the effective population size (Ne) of 500 would probably adequate to maintain genetic variation for quantitative traits. This number is based on a consideration of the balance between the loss of genetic variation by genetic drift and its gain by spontaneous mutation. A much smaller effective population size could be acceptable if the broodstock is maintained for only a few generations and then replenished or replaced by wild fish. However, if the replacement fish are themselves largely derived from the past releases, declining the level of genetic variation by genetic drift might not be possibly avoided completely (Taniguchi 2003) .
Natural populations need to be examined genetically both before and after the release of hatcheryreared juveniles. The former is needed to describe the genetic structure of the populations, which as we have seen can be greatly varied and rather unpredictable, and thus can identify the most suitable population for broodstock (Mustafa 2003; Utter 2004; Morita et al. 2006; Ward 2006; Gonzalez et al. 2008) . Genetic factors are of vital importance in production of good quality seed of marine animals for stocking in the sea. Genetic integrity of wild populations should be protected from the impact of hatchery releases through a carefully planned broodstock management strategy. Molecular tools such as nuclear DNA markers are useful in broodstock management (Taniguchi 2003) .
Hatchery production protocols and stocking strategy is essential for Mahisefid as several authors suggested and done for other countries and fish (Molony et al. 2003) and should be draw a flow chart and framework for stocking of Mahisefid as done in other countries (Mokhtar and Awaluddin 2003) .
